-, CTAB) was added to 14g DI-water to form solution A. Solution A was sonicated to completely dissolve the surfactant. 0.4 g 1-DT derivatized gold nanocrystals were dissolved in 1-2 ml chloroform to form solution B. Solutions A and B were mixed together with vigorous stirring, and the chloroform was removed by vacuum or heat treatment to finish the encapsulation. A dark-red solution (C) was finally obtained. Solution C can be further diluted for UV-vis spectroscopy or TEM characterization. To synthesize bulk, 3-D Au/NC mesophases, 1.3g tetraethylorthosilicate (TEOS) was added to solution C. The mixture was stirred at room temperature followed by addition of 1N sodium hydroxide (NaOH) aqueous solution (1-3ml). After 3 hours, the resulting precipitate was recovered by filtration, washing, and drying. To form thin film mesophases, 0.07N hydrogen chloride (HCl) aqueous solution (0.2ml) was first added to C (2ml) followed by addition of TEOS (0.2g) under stirring at room temperature. The solution was stirred for 1-3 hours. Thin films were deposited on silicon substrates by spin-coating at 500-5000rpm, casting, or dip-coating.
*To whom correspondence should be addressed. E-mail: hfan@sandia.gov (H.F.); cjbrink@sandia.gov (C.J.B.) Materials and Methods: 1. In a general preparation of water soluble gold NC-micelles and 3-D ordered arrays, 0.4 g surfactant (CH 3 (CH 2 ) 15 N + (CH 2 ) 3 Br -, CTAB) was added to 14g DI-water to form solution A. Solution A was sonicated to completely dissolve the surfactant. 0.4 g 1-DT derivatized gold nanocrystals were dissolved in 1-2 ml chloroform to form solution B. Solutions A and B were mixed together with vigorous stirring, and the chloroform was removed by vacuum or heat treatment to finish the encapsulation. A dark-red solution (C) was finally obtained. Solution C can be further diluted for UV-vis spectroscopy or TEM characterization. To synthesize bulk, 3-D Au/NC mesophases, 1.3g tetraethylorthosilicate (TEOS) was added to solution C. The mixture was stirred at room temperature followed by addition of 1N sodium hydroxide (NaOH) aqueous solution (1-3ml). After 3 hours, the resulting precipitate was recovered by filtration, washing, and drying. To form thin film mesophases, 0.07N hydrogen chloride (HCl) aqueous solution (0.2ml) was first added to C (2ml) followed by addition of TEOS (0.2g) under stirring at room temperature. The solution was stirred for 1-3 hours. Thin films were deposited on silicon substrates by spin-coating at 500-5000rpm, casting, or dip-coating.
Lightly doped (~1015 cm -3
) silicon (100) p-type wafers having a 200-nm thick thermal oxide were coated with a 400-nm thick Al electrode by e-beam evaporation. A 100-nm thick gold NC/silica 'insulator', structurally equivalent to the thin film samples in Figs. 2A and 3D, was then deposited by spin-coating according to pathway i-ii-iv ( Fig. 1) and UV-ozone treated at room temperature for 0.5-1.5 hours to remove organics and promote additional siloxane condensation (Clark, T. et al. Chem. Mater. 2000, 12(12), 3879-3884) . Capacitor structures were formed by e-beam evaporation of Al (~ 400 nm) top electrodes through a shadow mask. The samples were mounted on an MMR cold finger in a vacuum of less than 10-6 torr, and cooled to low temperatures. DC current-voltage measurements are made using a HP 4140B pA meter/DC voltage source and HP 4155B semiconductor parameter analyzer at temperatures from room temperature (300K) down to 77K. The sample temperature is controlled using a Lakeshore 330 auto tuning temperature controller. Fig. S1 . Process scheme for the synthesis of water-soluble nanocrystal micelles. Addition of oil containing gold NCs into a surfactant containing aqueous solution during vigorous stirring leads to the formation of an oil in H 2 O m-emulsion. Subsequent evaporation of oil transfers the NCs into the aqueous phase by an interfacial process driven by the hydrophobic van der Waals interactions between the primary alkane of the stabilizing ligand and the secondary alkane of the surfactant, resulting in thermodynamically defined interdigitated bilayer structures that encapsulate NCs and make them water soluble. Fig. S3 . Current vs. voltage data measured at 78 K for both positive and negative bias. The solid lines are the corresponding fits made using the Levenberg-Marquardt nonlinear least squares fitting routine(24). Details of the fits and determination of the threshold voltages and scaling exponents are shown in the corresponding tables.
